Two novel polyoxotungstate-based rare earth compounds, [(C 5 H 5 
Introduction
Polyoxometalates (POMs), as early transition metal oxide clusters, have attracted extensive interest in fields such as catalysis, medicine, and materials science [1 -6] . By using POMs as inorganic building blocks, a large number of POMs modified by metal complexes have been found since the first such modified α-Keggin POMs were reported by Xu et al. [7] . Zubieta [8] , Pope [9] , Gutierrez-Zorrilla [10] , Long [11] and Wang and their co-workers [12 -14] already have synthesized several hybrid materials with attractive structures and properties. However, with regard to POM-based hybrids, the rational synthesis of rare earth complex-modified POMs remains a challenge [15 -17] . The reason is that oxygen atoms on the surface of POMs are rather reactive and easily combine with the highly oxophilic rare earth ions to form precipitates instead of crystals. So, recently, the introduction of protecting organic ligands, whose coordination to rare earth ions can decrease the highly oxophilic properties of the latter, could be used as one effective method to inhibit precipitation [18, 19] . Compared with the commonly used POMs, such as 0932-0776 / 08 / 0100-0016 $ 06.00 © 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Keggin- [20] , Wells-Dawson- [21] , Anderson- [22] and paradodecametalate-B-type POMs [23] 6− has been less employed previously [24] .
In order to obtain rare earth complexes of the α-metatungstate [H 2 W 12 O 40 ] 6− cluster has a classic α-Keggin structure described previously, which can be viewed as the usual arrangement of four W 3 O 13 groups, each of which consists of three edge-sharing WO 6 octahedra. According to their different coordination environments in the polyanion, the oxygen atoms can be divided into four groups: terminal oxygen atoms, Ot; terminal oxygen atoms linked to Ln 3+ , Ot ; bridging oxygen atoms, Ob; and central oxygen atoms Oc. Single-crystal structural analyses reveal that compounds 1 and 2 are isomorphous, and therefore, the structure of 1 is described here representatively. As shown in Fig. 1 , compound 1 consists of one [H 2 W 12 O 40 ] 6− unit, two lanthanum ions La 3+ , four pyridine-4-carboxylate ligands (L), and eleven water molecules in the asymmetric unit. The bond valence sum calculations indicate that the La sites are in the +3 oxidation state and all W sites are in the +6 oxidation state [25] . The La 3+ ion is in a distorted monocapped square antiprismatic geometry and is coordinated by one terminal oxygen atom of the [H 2 W 12 O 40 ]
Results and Discussion

Description of the structures
6− unit with a bond length of 2.483Å, by five oxygen atoms of four pyridine-4-carboxylate ligands with an average bond length of 2.568Å, and three aqua ligands with an average bond length of 2.525Å. The pyridine-4-carboxylate ligands adopt two different coordination modes: bidentate bridging chelating (A) and [26] , so that the 1D chain is in a zigzag form (Fig. 3) . Moreover, a 2D layer is formed via π-π stacking interactions with a distance of C (14) . . . C(17) of 3.471Å (Fig. 4) , and extensive hydrogen bonding interactions between adjacent chains in the 01 2 plane.
FT-IR spectroscopy
The spectra of the two compounds are very similar and therefore, the spectrum of compound 1 is described here representatively. Fig. 4 . View of the two dimensional-layer of polyhedra formed via π-π stacking interactions and extensive hydrogen-bonding interactions between chains in the 01 2 plane in compound 1; all water molecules are omitted for clarity.
structure. These results are consistent with those of the structural analysis.
Thermal analysis
The TG curve of compound 1 is divided into two stages. The weight loss in the first stage is 5.68 % (calcd. 5.66 %) in the temperature range 0 -499 • C, including two steps of water releases. The weight loss in the second stage is 12.88 % (calcd. 12.90 %) in the temperature range 571 -668 • C, corresponding to the decomposition of organic components. The total weight loss (18.21 %) is in good agreement with the calculated value (18.56 %). The sample weight was unchanged at temperatures higher than 668 • C. The TG curve of compound 2 exhibits similar weight loss stages, the overall weight loss being 19.88 %, in agreement with the calculated value of 20.12 %, considered as the loss of all water and the decomposition of the organic moieties.
Cyclic voltammetry
To study the redox properties of compounds 1 and 2, their CVs (0.1 mmol L −1 ) were performed in a 0.5 mol L −1 Na 2 SO 4 solution (pH = 3.11), and the 2 O, which undergoes a twostep two-electron redox process in the potential range 0 to −0.8 V. However, for 1 and 2, the values of the mean peak potentials E 1/2 = (E ap + E cp )/2 are shifted in the positive direction as compared with their parent compound. The coordination interactions between the La 3+ /Ce 3+ complexes and the POMs anions in 1 and 2 may be responsible for these slight differences. Their peak potentials, E 1/2 , and the peak-to-peak separations (∆E p = E ap − E cp ) are listed in Table 2 . From  Fig. 5 and the data in Table 2 Taking 2 as an example, the CV behavior at different scan rates was studied under the above-mentioned condition. As can be seen from Fig. 6 , the anodic and cathodic peak currents increase gradually, and the peak potentials change gradually: the cathodic peak potentials shift in the negative direction and the correspond- ing anodic peak potentials move in the positive direction, with the scan rate varying from 50 to 170 mV s −1 . The peak-to-peak separation between the corresponding cathodic and anodic peaks increases with increasing scan rate, but the mean peak potentials do not change on the whole.
In addition, the pH of the supporting electrolyte solution has a marked effect on the electrochemical behavior of 2 in H 2 SO 4 +Na 2 SO 4 aqueous solutions. It can be clearly seen in Fig. 7 that along with increasing pH, the anodic peak potentials and the corresponding cathodic potentials all gradually shift in the negative potential direction, and both the anodic and cathodic peak currents gradually decrease. Along with increasing pH, the lower concentration of protons in the solutions should be the reason for the current decrease, and the more negative reduction potentials can be elucidated by the Nernst equation [29] .
Conclusions
In summary, we have synthesized two novel compounds, [ [30] and characterized by IR spectroscopy and TG analyses. Elemental analyses (C, H and N) were performed with a Perkin-Elmer 2400 CHN elemental analyzer and W, La and Ce were analyzed with a Leaman ICP atomic emission spectrometer. IR spectra were recorded in the range of 400 -4000 cm −1 with an Alpha Centauri FT/IR spectrophotometer with KBr pellets. Cyclic voltammetry measurements were carried out with a CHI 660 electrochemical workstation using a conventional three-electrode single compartment cell at r. t. The working electrode was glassy carbon, the reference electrode was Ag/AgCl, the counter electrode was Pt gauze, and the scan rate was 100 mV/s. TG analyses were performed with a Perkin-Elmer TGA7 instrument in flowing N 2 with a heating rate of 10 • min −1 . 
Synthesis
X-Ray crystallograpphy
Diffraction data for 1 and 2 were collected with a Bruker Smart Apex CCD diffractometer with MoK α radiation (λ = 0.71073Å) at 194.5 K using the ω scan technique. Empirical absorption corrections were applied. The structures of 1 and 2 were solved by Direct Methods and refined by full-matrix least-squares on F 2 using the SHELX-97 software [31] . All non-hydrogen atoms were refined anisotropically and H atoms were placed in calculated positions. A summary of the crystallographic data and the numbers pertinent to the structure determination are provided in Table 3 . Selected bond lengths and bond angles are listed in Table 1. CCDC 622637 and 623483 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
